セルオートマトンが定めるダイナミクスと時空間パターンについて (動的システム最適化理論の展開とその応用) by 大鋳, 史男
Titleセルオートマトンが定めるダイナミクスと時空間パターンについて (動的システム最適化理論の展開とその応用)
Author(s)大鋳, 史男








Nagoya Institute of Technology
Email : ohi@system.nitech.ac.jp
1.
$S=\{0,1\}$ $S^{3}$ $S$ $g$ $(S, g)$ (Elementary Cellular
Automata, ECA) . $2^{8}=256$ ECA $(S, g)$ , ECA $(S, g)\}$ [
) $\triangleright-$ ) $\triangleright$ $\mathrm{R}\mathrm{N}(S, g)$ .
$\mathrm{R}\mathrm{N}(S, g)=\sum_{a,b,c}g(a, b, c)2^{a2^{2}+b2+c}$
.
ECA $(S,g)$ , $\mathrm{g}$ : $s^{\mathrm{Z}}arrow s^{\mathrm{Z}}$ .
Vx $\in S^{\mathrm{Z}},$ $\forall i\in \mathrm{Z},$ $(\mathrm{g}(\mathrm{x}))_{i}=g(x_{j-1}, x_{i}, x_{j+1})$
$S^{\mathrm{Z}}$ configuration .
ECA $(S, g)$ $g$ local rule, $g$ $\mathrm{g}$ : $S^{\mathrm{Z}}arrow S^{\mathrm{Z}}$ global rule , bold face $\mathrm{g}$
. $\mathrm{g}$ , $S^{\mathrm{Z}}$ dynamics .
$\mathrm{x}\in S^{\mathrm{Z}}$ , $\mathrm{g}^{t+1}(\mathrm{x})=\mathrm{g}(\mathrm{g}^{t}(\mathrm{x})),$ $t\geq 0$ ,
$\mathrm{g}^{0}(\mathrm{x})=\mathrm{x}$ .
$\mathrm{x}\in S^{\mathrm{Z}}$ initial configuration , dyna $\mathrm{c}\mathrm{s}$ $\mathrm{g}$ / , $\{(t, \mathrm{g}^{t}(\mathrm{x})), t\geq 0\}$
. , ECA $(S, g)$ $S^{\mathrm{Z}}$ dynamics $\mathrm{g}$




. G.Braga, G.Cattaneo, P.Flocchni and C.Quaranta
Vogliotti(1995) , , 0-quiescent local rule (
) $C_{1},$ $C_{2},$ $C_{3}$ . ,
. $\mathrm{A}\mathrm{a}$ .
$C_{1}$ $\forall \mathrm{x}\in \mathcal{F}$ , $\lim_{t\cdotarrow\infty}l(\mathrm{g}^{t}(\mathrm{x}))=0$ ,
$C_{2}$ $\forall \mathrm{x}\in \mathcal{F}$ , $\sup_{t\in \mathrm{N}}l(\mathrm{g}^{t}(\mathrm{x}))<\infty$ ,
$C_{3}$ $\exists \mathrm{x}\in \mathcal{F}$, $\sup_{t\in \mathrm{N}}l(\mathrm{g}^{t}(\mathrm{x}))=\infty$ .
$C_{3}$ local rule $g$ $\mathcal{F}$ dynamics $\mathrm{g}$
growth of time-space pattern .
$S$ , $S^{\mathrm{Z}}$ . $\sigma_{L}$ : $S^{\mathrm{Z}}arrow$
$S^{\mathrm{Z}},$
$\sigma_{R}$ : $S^{\mathrm{Z}}arrow S^{\mathrm{Z}}$ $j\mathrm{X}\in S^{\mathrm{Z}}$
$(\sigma_{L}(\mathrm{x}))_{j}=x_{i+1}$ , $(\sigma_{R}(\mathrm{x}))_{i}=x_{i-1}$ , $\mathrm{x}\in \mathrm{Z}$ .
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ECA $(S,g)$ , $g(0,0,0)=0$ 0–quiescent .
$\mathcal{F}=\{\mathrm{x}\in S^{\mathrm{Z}}|\exists i\in \mathrm{Z}, \exists j\in \mathrm{Z}, i\leq j, \mathrm{x}= (\ldots, 0, 0, x:, \ldots, x_{j}, 0,0, \ldots)\}$
, $\mathcal{F}$ 0-finite configuration . $(..., 0, 0, 0, ..)\in \mathcal{F}$ .
$g$ O-quiescent , $\mathrm{g}(\mathcal{F})\subseteq \mathcal{F}$ .





, $\mathrm{x}$ length of pattern .
, . $n$ local rule
global rule $g_{n}$ $\mathrm{g}_{n}$ .
Notations 1 block , 1 2 , $(1, 1)$ (1, 1, 1) ,
$n$ 1 block , $n$ 1 ,
$1_{n}=(1,\cdots 1\tilde{n\mathrm{f}\mathrm{f}\mathrm{l}}’$
. $n$ 0




$\mathrm{a}_{\dot{*}}=(a_{1}^{*}. , \ldots, a_{m}^{i}):\in S^{m:},$ $i=1,$
$\ldots,$
$n$
$(\mathrm{a}_{1}, \cdots,\mathrm{a}_{n})$ $=$ $(a_{1}^{1}, \ldots,a_{m_{1}}^{1}, \ldots, a_{1}^{n}, \ldots, a_{m_{n}}^{n})$ ,
$(0, \mathrm{a}_{1})$ $=$ $(..., 0, 0, 0, a_{1}^{1}, \ldots, a_{m_{1}}^{1})$ ,
$(\mathrm{a}_{1},0)$ $=$ $(a_{1}^{1}, \ldots, a_{m_{1}}^{1},0,0,0, \ldots)$ ,
$(0, \mathrm{a}_{1},0)$ $=$ $(..., 0, 0, 0, a_{1}^{1}, \ldots, a_{m}^{1},0,0,0, \ldots)$
. 0 1 .
$\mathrm{C}\subseteq\bigcup_{n\geq 1}S^{n},$ $D \subseteq\bigcup_{n\geq 1}S^{n}$ , $k\geq 0$
$\mathrm{C}^{k}\oplus D$
$=$




. $A \subset\bigcup_{n\geq 1}S^{n}$
$\tilde{A}=\{(0, \mathrm{a}, 0)|\mathrm{a}\in A\}$
.
$\mathrm{x}=$ $(\ldots, x_{-1}, x_{0}, x_{1}, \ldots)\in S^{\mathrm{Z}}$
$\mathrm{x}:,j=(x_{1}., \ldots, x_{j}),$ $i\leq j$ , $\mathrm{x}_{-\infty,\dot{\iota}}=(\ldots, x:-1, x:)$ , $\mathrm{x}_{i,\infty}=(X_{1}., X_{\dot{*}+1}, \ldots)$
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.$B$ $=$ $\{1_{n}|n\geq‘ 2\}$
$\mathcal{U}$ $=$ $\{(1,0_{m_{1}},1,0_{m_{2}},1, \ldots, 1,0_{m_{n-1}},1)|m_{1}\geq 2, \ldots, m_{n-1}\geq 2, n\geq 1\}$
$\mathcal{V}$ $=$ $\{((0,1)_{i_{1}},0_{m_{1}}, (0,1)_{i_{2}},0_{m_{2}}, \ldots, 0_{m_{n-1}}, (0,1)_{i_{n}})|i_{1}\geq 1, m_{1}\geq 1, \ldots, m_{n-1}\geq 1, i_{n}\geq 1, n\geq 1\}$
$\mathcal{W}$ $=$
$(\mathcal{U}\oplus B)\cup^{\beta}2<$ , $\mathcal{X}_{1}$ $=(\mathcal{V}\oplus B)\cup B1$ , $\mathcal{X}_{2}=(\mathcal{V}\oplus B)\cup^{\beta}2<$ ,





$n\geq 0\cup \mathcal{W}\oplus B\oplus\cdots\oplus^{1}B11\check{n}$
,
, $(0, 1)_{k}=(\underline{0,1,0,1,\ldots,0,1})$ . .
$k$ $(0,1)$
$\tilde{\mathcal{V}}\cup\tilde{\mathcal{X}}=\mathcal{F}$, $\tilde{\mathcal{V}}\cap\tilde{\mathcal{X}}=\phi$
Definition 11 local rules $g,$ $h$ , $g$ $h$ , [
$\mathrm{g}$
$\mathrm{h}$ .
$g(a, b, c)=h(c, b, a)$ , $a,$ $b,$ $c\in S$
$\mathrm{s}$ : $\mathcal{F}arrow \mathcal{F}$ .
$\mathrm{x}=(\ldots, 0,0, x.\cdot i, xi+1, \ldots, xj-1,\check{xj}, 0,0, \ldots)\mathrm{j}\in \mathcal{F}$
$\mathrm{s}(\mathrm{x})=(.. ., 0,0,\check{x_{j}}., x_{j-1}, \ldots, x_{j+1},\check{x_{i}}, 0,0, \ldots)\in \mathcal{F}\mathrm{J}$ .
Proposition 12 local rules $g,$ $h$ ,
$\forall t\in \mathrm{N},$ $\mathrm{g}^{t}=\mathrm{s}\mathrm{o}\mathrm{h}^{t}\circ \mathrm{s}$
.
.
$g,$ $h$ , $\mathrm{g}$ time-space pattern ? , $\mathrm{h}$ \prec time-space pattern
. , time-space pattern , time-
space pattern .
2. $C_{3}$
$C_{3}$ , T . 3 6 ,
4 7 , 5 8 . , 1, 2, 3, 4, 5 (‘
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$l(\mathrm{g}^{t}(\mathrm{x}))=l(\mathrm{x})+2t$ , $\forall \mathrm{x}\in \mathcal{F}\backslash \{0\}$ ,
$\mathrm{g}$ 4,5,7,8





$g(0,0,1)=1,$ $g(1,0,0)=0,$ $g(\star, 1,0)=1$




202 216 . 3 202 . 202
.
3.1. 202 $\mathcal{F}$ dynamics
Proposition 311
$\mathrm{x}=(0,1_{n}, 0)=(.. ., 0,0,0, \underline{\check{1},1,\ldots,1,1}, 0,0,0, \ldots)\in\tilde{B}i\mathrm{j}\vee$
$n\geq 2$




, , configuration 1
. 1 , $\blacksquare$ .
$\vee i$
$\vee j$
$\mathrm{x}=$ $\cdots$ 0 0 0 0 0 $\blacksquare$ $\blacksquare$ $\cdots$ $\blacksquare$ $\blacksquare$ 0 0 $\cdots$
$\mathrm{g}(\mathrm{x})=$ 0 0 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0
$\mathrm{g}^{2}(\mathrm{x})=$ 0 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0
$\mathrm{g}^{3}(\mathrm{x})=$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0
$\mathrm{g}^{4}(\mathrm{x})=$ 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0
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Proof- .
$g(0,0,1)=1,$ $g(0,1,1)=1,$ $g(1,1,1)=1,$ $g(1,1,0)=1,$ $g(1,0,0)=0,$ $g(0,0,0)=0$ .
Proposition 312(1) $\forall \mathrm{x}\in\tilde{\mathcal{U}}$ , $\forall t\geq 0$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t}(\mathrm{x})\in\tilde{\mathcal{U}}$.
(2) $\mathrm{g}(\tilde{\mathcal{V}})\subseteq\tilde{\mathcal{U}}$ ,
$\forall \mathrm{x}\in\tilde{\mathcal{V}}$ , $\mathrm{g}(\mathrm{x})\in\tilde{\mathcal{U}}$, $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t-1}(\mathrm{g}(\mathrm{x})),$ $\forall\geq 2$ .
, .
$\mathrm{x}=(0\check{0}\tilde{010}.\ldots 01\hat{0\cdots 0}\tilde{010\cdots 01}\hat{0\cdots 0}\cdots\hat{0\cdots 0}\tilde{010\cdots 01}0)\in\tilde{\mathcal{V}}0|1\mathrm{f}\mathrm{f}\mathrm{l}m_{1}i_{2}\mathrm{f}\mathrm{f}\mathrm{l}_{m_{2}m_{n-11_{*}}}\cdot \mathrm{f}\mathrm{f}\mathrm{l}$
$\mathrm{g}(\mathrm{x})=(0\check{0}0100\cdots 000\cdots 0100.\cdots 000\cdots 0\cdots 0\cdots 0100\cdots 000)\tilde{2j_{1}-1}\check{m_{1}}2|2-1\check{m_{2}}\check{m_{n-1\check{2-_{\hslash}-1}}}\in\tilde{\mathcal{U}}$.
Proof- (1) $\mathrm{x}\in\tilde{\mathcal{U}}$ 0 2 .
$g(0,0,1)=1,$ $g(0,1,0)=0,$ $g(1,0,0)=0$ .
(2) $m_{1}$. $\geq 1$ .
$g(0,0,1)=1,$ $g(0,1,0)=0,$ $g(1,0,1)=0,$ $g(1,0,0)=0$.
Example 313 $\mathrm{x}=(0,0,1,0,1,0,1,0,0,1,0,1,0)$ configuration $\mathrm{t}\mathrm{i}\mathrm{m}$ -space
pattern . 1 $\blacksquare$ .
$\mathrm{x}=$ $\cdots$ 0 0 0 0 0 $\blacksquare$ 0 $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ 0 $\blacksquare$ 0 0 $\cdots$
$\mathrm{g}(\mathrm{x})=$ 0 0 0 0 $\blacksquare$ 0 0 0 0 0 0 $\blacksquare$ 0 0 0 0 0
$\mathrm{g}^{2}(\mathrm{x})=$ 0 0 0 $\blacksquare$ 0 0 0 0 0 0 $\blacksquare$ 0 0 0 0 0 0
$\mathrm{g}^{3}(\mathrm{x})=$ 0 0 $\blacksquare$ 0 0 0 0 0 0 $\blacksquare$ 0 0 0 0 0 0 0
$\mathrm{g}^{4}(\mathrm{x})=$ 0 $\blacksquare$ 0 0 0 0 0 0 $\blacksquare$ 0 0 0 0 0 0 0 0
.$\cdot$

































. . . .
Proposition 314
$\mathrm{x}=(0,\cdot\check{1},0_{m_{1}},\cdot\check{1},0_{m_{2}}12, \cdots, \mathrm{o}_{m_{n-1}},\cdot.\mathrm{i}\vee, 0_{m_{\mathrm{n}}}, 1_{l}, 0)\in\overline{\mathcal{W}}$ , $n\geq 0$
,
$\mathrm{g}(\mathrm{x})=(0,1,0_{m_{1}},1,0_{m_{2}}i-1_{\vee}1:2_{\vee}-1, \cdots, 0_{m}., \cdot 1-1, 0_{m_{n}}, 1_{l+1},0)n_{\vee}^{-1}\in\overline{\mathcal{W}}$
. $m_{1}\geq 2,$ $m_{2}\geq 2$ , ..., $m_{n}\geq 2,$ $l\geq 2$ . $n=0$ , $\mathrm{x}\in\tilde{B}$
.
Proof .
$g(0,0,0)=0,$ $g(0,0,1)=1,$ $g(0,1,0)=0,$ $g(0,1,1)=1$ ,
$g(1,0,0)=0,$ $g(1,1,0)=1,$ $g(1,1,1)=1$ .
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Example 3.15 $\mathrm{x}=(0,1,0,0,1,0,0,0,1,1,0)$ configuration time-space Pat-
tern . 1 $\blacksquare$ .
$\mathrm{x}=$ $\cdots$ 0 0 0 $\blacksquare$ 0 0 $\blacksquare$ 0 0 0 $\blacksquare$ $\blacksquare$ 0 $\cdots$
$\mathrm{g}(\mathrm{x})=$ 0 0 $\blacksquare$ 0 0 $\blacksquare$ 0 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{2}(\mathrm{x})=$ 0 I00 $\blacksquare$ 0 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{3}(\mathrm{x})=$ $\cdots$
$\blacksquare$ 0 0 $\blacksquare$ 0 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 $\cdots$
.$\cdot$
. . . . $\cdot$.. .$\cdot$. .$\cdot$. .$\cdot$. $\cdot$.. .$\cdot$. .$\cdot$. .$\cdot$. .$\cdot$. ... .$\cdot$. .$\cdot$. .$\cdot$. . . .
Proposition 316(1) $\tilde{\mathcal{X}}_{2}$ .
$\mathrm{x}=$
$(0, \check{0}, 1, \ldots, 0,1,0, \ldots, 0k, \ldots, 0, \ldots, 0,0,1, ..., 0,1,0,0, ..., 0,1, ..., 1, 0)\in\tilde{\mathcal{X}}_{2}$ , $n\geq 0$
$\check{j_{1}\#.\mathrm{B}\geq 1}\check{m_{1}\geq 1}$ $\check{m_{n-1}\geq 1}\tilde{j_{n}\ovalbox{\tt\small REJECT}_{\geq 1}}\check{m_{n}\geq 2}\check{l\geq 2}$
$\mathrm{g}(\mathrm{x})=(0,1,0, \ldots, 0,0,0, \ldots, 0\vee k, \ldots, 0, \ldots, 0,1,0, \ldots, 0,0,0, \ldots, 0,1,1, \ldots, 1,0)\in\overline{\mathcal{W}}$,
$\tilde{2i_{1}-1}\check{m_{1}\geq 1}$ $\check{m_{n-1}\geq 1}$ $\check{2i_{n}-1}\check{m_{n}-1}\tilde{l+1}$
$n=0$ , $\mathrm{x}\in\tilde{B}$ .
(2) $\tilde{\mathcal{X}}_{1}$ .
$\mathrm{x}=(0,,\mathrm{o}, \ldots,\mathrm{o}, \ldots,\mathrm{o}, \ldots,\mathrm{o}_{1},0,1,\ldots, 0,1,0,1,\ldots,1,0)\in\tilde{\mathcal{X}}_{1}\frac{\dot{0},1,\ldots,0,1}{\dot{\iota}_{1}\Phi\geq 1}k\check{m_{1}\geq 1}\check{m_{n-1}\geq}\tilde{j_{n}\ovalbox{\tt\small REJECT}_{\geq 1}}\check{l\geq 2}$
, $n\geq 1$
$\mathrm{g}(\mathrm{x})=(0,1,0, \ldots, 0,0,0, \ldots, 0\vee k, \ldots, 0, \ldots, 0,1, 0, \ldots, 0, 0, 0, 1, \ldots, 1, 0)\in\overline{\mathcal{W}}$.
$\check{2i_{1}-1}\check{m_{1}\geq 1}$ $\check{m_{n-1}\geq 1}$ $\check{2j_{h}-1}$ $\check{l}$
Proof: $g(0,0,1)=1,$ $g(1,0,1)=0$ , (1)(2) .
Proposition 317 $\mathrm{x}\in\tilde{\mathcal{X}}$ .
$.\vee 1$ $.\vee 2$ $.\vee n$
$\mathrm{x}$ $=$ (0, $\mathrm{a}_{1},0_{m_{1}}$ , a2, $0_{m_{2)}}\ldots,$ $0_{m_{n-1}},$ $\mathrm{a}_{n},$ $0$ ),.$\cdot$.1 $\dot{.}.2$ .$\cdot$.n $\vee \mathrm{j}$
or (0, $\mathrm{a}_{1},0_{m_{1}}$ , a2, $0_{m_{2}},$ $\ldots,$ $0_{m_{n-1}},$ $\mathrm{a}_{n},$ $0_{m_{n}},$ $\mathrm{v},$ $0$ ),
$\mathrm{a}_{j}\in \mathcal{X}_{1}$ or $\mathcal{X}_{2},$ $\mathrm{v}\in \mathcal{V}$ ,
$m_{1}\geq 0,$ $m_{2}\geq 0,$
$\ldots,$
$m_{n-1}\geq 0,$ $m_{n}\geq 0$ .
, $\mathrm{a}_{k}$ $i_{k}$ , $\mathrm{a}_{k}$ $\mathrm{x}$ . $j$
. $\mathrm{x}$ ,
$.\cdot\vee 1$ $\vee\prime 2$
$.\cdot\vee n$
$\forall t\geq 0,$ $\mathrm{g}^{t}(\mathrm{x})=$ ( $\mathrm{g}^{t}(0,$ $\mathrm{a}_{1},0)_{-\infty,i_{1}},0,$ $\mathrm{g}^{t}(0$ , a2, $0):_{1}+2,i_{2},0,$ $\ldots,$ $0,$ $\mathrm{g}^{t}(0,$ $\mathrm{a}_{n},$ $0)j_{n-1}+2,j_{h},$ $0$ ),
$\forall t\geq 0,$
$\mathrm{g}^{t}(\mathrm{x})=(\mathrm{g}^{t}(0,\check{\mathrm{a}_{1}}.,0)_{-\infty,:_{1}},0, \mathrm{g}^{t}(0, \mathrm{a}_{2}..,0)_{*_{1}+2,i_{2}}.,0, \ldots, 0, \mathrm{g}^{t}(0,\check{\mathrm{a}_{n}}., 0)_{*_{n-1}+2,\dot{*}_{n}}., 0, \mathrm{g}^{t}(0, \check{\mathrm{v}}, 0):_{n}+2,\infty 12n\mathrm{j})$
41
.$2\leq\forall j\leq n,$ $\exists T_{j},$ $\forall t\geq T_{j}$ , $\mathrm{g}^{t}(0,\check{\mathrm{a}_{j}}., 0)_{i_{\mathrm{j}-1}+2,i_{j}}\mathrm{j}=1:_{\mathrm{j}}-*_{j-1}\cdot-1$ ,
$\vee \mathrm{j}$
$\exists T,$ $\forall t\geq T$, $\mathrm{g}^{t}(0, \mathrm{v}, 0)_{\dot{\iota}_{n}+2,\infty}=0$
$\forall t\geq\max\{\max T_{j}2\leq j\leq n’ T\}$ , $\mathrm{g}^{t}(\mathrm{x})=(\mathrm{g}^{t}(0,\check{\mathrm{a}_{1}}.,0)_{-\infty,\dot{*}_{1}},0,1:_{2}-:_{1}-1,0, \ldots, 0,1_{\dot{*}_{n}-:_{n-1}-1},0)1$,
$\mathrm{g}^{t}(0, \mathrm{a}_{1},0)\in\overline{\mathcal{W}}$
.
Proof- $g(1,0,\star)=0,$ $g(0,1,0)=0,$ $g(0,1,1)=1$ , Propositions 314and 316
.
Example 318 $\mathrm{x}=(0,1,0,1,0,1,1,0,0,1,0,1,0,0,1,1,0)$ configuration
time-space pattern . 1 $\blacksquare$ .
$\mathrm{x}=$ . . . 000 $\blacksquare$ 0 $\blacksquare$ 0 $\blacksquare$ $\blacksquare$ 0 0 $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ 0 . . .
$\mathrm{g}(\mathrm{x})=$ 0 0 $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ 0 $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{2}(\mathrm{x})=$ 0 $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{3}(\mathrm{x})=$ $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{4}(\mathrm{x})=$ 0 $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{5}(\mathrm{x})=$ $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{6}(\mathrm{x})=$ 0 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
$\mathrm{g}^{7}(\mathrm{x})=$ 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0 $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ $\blacksquare$ 0
.$\cdot$





































. . . .
Propositions Theorem 319 .
Theorem 319 202 $\mathcal{F}$ dyna $\mathrm{c}\mathrm{s}$ . $\mathcal{F}=\tilde{\mathcal{V}}\cup\tilde{\mathcal{X}}$,
$\tilde{\mathcal{V}}\cap\tilde{\mathcal{X}}=\phi$ .
$\forall \mathrm{x}\in\tilde{\mathcal{V}},$
$\forall t\geq 1$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t-1}(\mathrm{g}(\mathrm{x}))\in\tilde{\mathcal{U}}$ ,
$\forall \mathrm{x}\in\tilde{\mathcal{X}},$
$\exists T,$ $\forall t\geq T$ , $\mathrm{g}^{t}(\mathrm{x})\in\overline{\mathcal{W}B}$ .
$\tilde{\mathcal{U}}$ , Proposition 31.2(1) , $\overline{\mathcal{W}B}$ , PropO-
sition 3.1.4 . 202 0-finite configurations
$\mathcal{F}$ dynamics ,
time-space pattern . $\mathcal{F}$ 0 ,
$\tilde{\mathcal{U}}$ \sigma , $\overline{\mathcal{W}B}$ 3.2.1 ft$p6$
. .
42
Dynamics of Rule 202 on $\mathcal{F}$
$\mathcal{F}$
202 length of pattern Corollary .
Corollary to Theorem 319
$\forall \mathrm{x}\in\tilde{\mathcal{V}},$
$\forall t\geq 2$ , $l(\mathrm{g}^{t}(\mathrm{x}))=l((\mathrm{g}(\mathrm{x})))$ ,
$\forall \mathrm{x}\in\tilde{\mathcal{X}},$
$\exists T,$ $\forall t\geq T$ , $l(\mathrm{g}^{t}(\mathrm{x}))=l(\dot{\mathrm{g}}^{T}(\mathrm{x}))+(t-T)$ .
32. 202 216 $S^{\mathrm{Z}}$ dynamics
202 216 . 202 . Theorem 3.19 202 (
$\mathcal{F}$ 0 , time-space pattern .
$\mathrm{x}\in S^{\mathrm{Z}}\backslash \{0\}$ , $\mathrm{x}_{-\infty,k}=0,$ $\exists k\in \mathrm{Z}$ , $\mathrm{A}\mathrm{a}$ . configuration
0-finite . 0-finite configuration .
321.
.
fptl : $(..., 0, 1_{m_{-k}}, 0,1_{m_{-k+1}}, \ldots, 0,1_{m_{k-1})}0,1_{m_{k}}, 0, \ldots)$ , $m_{i}\geq 2,$ $-\infty<i<\infty$ ,
fpt2 : $(1, 0, 1_{m_{1}},0,1_{m_{2}}, \ldots, 0,1_{m_{k}}, \ldots)$ , $m_{i}\geq 2,1\leq i<\infty$ ,
fpt3 $(.. ., 0, 1_{m-k}, 0,1_{m-k+1}, \ldots, 0,1_{m-1},0,1)$ , $m_{i}\geq 2,$ $-\infty<i\leq-1$ ,
fpt4 $(..., 0, 1_{m-k}, 0,1_{m-k+1}, \ldots, 0,1_{m-1},0)$ , $m_{i}\geq 2,$ $-\infty<i\leq-1$ ,
fpt5 : $(1, 0, 1_{m_{1}},0,1_{m_{2}}, \ldots, 0,1_{m_{k}}, 0,1)$ , $m_{i}\geq 2,1\leq i\leq k,$ $k\geq 0$ ,
fpt6 : $(1, 0, 1_{m_{1}},0,1_{m_{2}}, \ldots, 0,1_{m_{k}}, 0)$ , $m_{i}\geq 2,1\leq i\leq k,$ $k\geq 0$ ,




$\exists k\in \mathrm{Z}$ , $\mathrm{x}_{k,\infty}=1$
43
2 1 0-finite ,
$\mathrm{g}^{t}(\mathrm{x})$ , . Proposition 317
.
, Proposition 312 , $\mathrm{x}\in S^{\mathrm{Z}}$ 2 1 ,
$\geq 2$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t-1}(\mathrm{g}(\mathrm{x}))$
. $\mathrm{x}$ , $\sigma_{R}\circ \mathrm{g}$ . , $\sigma_{R}\circ \mathrm{g}$ $\sigma_{R}$ $\mathrm{g}$
.
322.
(1) 2 1 . 1 , 1 1 0
2 configuration , 0-finite finite configuration
, . configuration .
$\mathrm{x}=$ $(\ldots, 0_{m_{-k}}, 1,0_{m_{-k+1}},1, \ldots, 1,0_{m_{k-1}},1,0_{m_{k}}, 1, \ldots)$, $m:\geq 2,$ $-\infty<i<\infty$ (3.2.1)
Proposition 312(1) , $\mathrm{x}$
$\geq 0$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t}(\mathrm{x})$ (3.2.2)
. , , .
Proposition 3221
(3.2.1) $\mathrm{x}\in S^{\mathrm{Z}}$ $p$ , ;
$\exists i\in \mathrm{Z},$ $\exists k\geq 1$ , $m_{*+1}.+1+\cdots+m_{i+k}+1=p$,
. . . $=m_{1-2k}$. $=m:-k$ $=m_{i}$ $=m:+k$ $=m:+2k$ $=\cdots$ ,
. . . $=m:-2k-1=m:-k-1=m:-1$ $=m_{*+k-1}.=m_{\dot{*}+2k-1}=\cdots$ ,
$\ldots=m_{-2k-2}.=m_{-k-2}.=m_{i-2}$ $=m:+k-2=m:+2k-2=\cdots$ ,







$\mathrm{o}_{m}.\cdot$ ,$\cdot.1-k$$j:-k+1\mathrm{j}.-1\mathrm{j}$$\mathrm{j}\vee+1\vee+1,$ $\ldots$ ,
$1:\dashv!-1,\mathrm{j}.\cdot+k$$\mathrm{j}0_{m_{j+k}},\check{1},$
$0_{m}$ ,$\cdot.\check{1}:+k+1’\ldots)+k+1$ ,
, $\mathrm{x}$ $p$ . (3.2.2) $\sigma_{L}^{p}(\mathrm{x})=\mathrm{x}$ ,
$\exists i\in \mathrm{Z},$ $\exists k\geq 1$ , $j_{i+k}-p=j_{\dot{\iota}}$
. $\forall m\in \mathrm{Z},$ $j_{1+k-m}$.-p=l- , Proposition .
44
3 ,
$(..., 0_{p}, 1,0_{p)}1, , \ldots, 1, \mathrm{O}_{\mathrm{p}}, 1, \mathrm{O}_{\mathrm{p}}, 1, \ldots)$
$p+1$ .
(2) 2 1 . 2 1
configuration , fpt1. fpt2, fpt3, f$tp\mathit{4}$ . f$pt5$ ,
.
2 1 configuration ,
2 , 1 0
[ . configuration
$(..., 0, 1_{m_{-}}.\cdot, 0,1_{m_{-\cdot+1}}, \ldots, 0,1_{m_{-1}},0_{n_{1}}, \check{1}, \ldots,\check{1},0_{n.-1}.,\cdot\check{1}, \mathrm{o}_{n}.,\mathrm{i}\mathrm{j}_{1}\mathrm{j}_{i-2}\mathrm{j}\cdot-1j)\vee,$
$\ldots$ , (3.2.3)
$m_{j}\geq 2,$ $-\infty<i\leq-1$ , $n_{1}\geq 1,$ $n_{1}$. $\geq 2,2\leq i<\infty$




, $0_{n:}$ , , $\ldots$), (3.2.4)
$m_{j}\geq 2,1\leq i\leq l,$ $l\geq 0$ , $n_{1}\geq 1,$ $n_{i}\geq 2,2\leq i<\infty$
configurations , $n_{1},$ $n_{2}$ , ... . $g(1,0,1)=$
$0,$ $g(0,1,0)=0$ , Proposition .
Proposition 3222(2.4.3) (2.4.4) configuration $p\geq 3$
, ;





$n_{1}-1\leq n_{k+1}=n_{2k+1}=n_{3k+1}$ $=\cdots$ ,
$n_{2}$ $=n_{k+2}=n_{2k+1}=n_{3k+2}$ $=\cdots$ ,
$n$ : $=n_{i+k}=n_{j+2k}=n:+3k$ $=\cdots$ ,
202 3 , (3.2.1), (3.2.3) (3.2.4) . ,
2 . $g(1,0,1)=0,$ $g(0,1,0)=0$ ,
Corollary .
Corollary(1)3 ,
(..., 1,0, 0, 1,0, 0, 1, 0, 0, 1, ...),
$(..., 0, 1_{m-}., 0,1_{m_{-\cdot+1}}, \ldots, 0,1_{m-1},0_{n_{1}},1,0,0,1,0,0,1,0,0,1, \ldots)$ ,
$m_{j}\geq 2,$ $-\infty<i\leq-1$ , $1\leq n_{1}\leq 3$
$(1, 0, 1_{m-\iota}, 0,1_{m-l+1}, \ldots, 0,1_{m-1},0_{n_{1}},1,0,0,1,0,0,1,0,0,1, \ldots)$ ,
$m_{i}\geq 2,1\leq i\leq l,$ $l\geq 0$ , $1\leq n_{1}\leq 3$
45
.(2) 4 ,
$(_{\sim}.., 1,0,0,0,1,0,0,0,1,0,0,0,1, \ldots)$ ,
$(..., 0, 1_{m_{-:}}, 0,1_{m_{-:+1}}, \ldots, 0,1_{m_{-1}},0_{n_{1}},1,0,0,0,1,0,0,0,1,0,0,0,1, \ldots)$ ,
$m:\geq 2,$ $-\infty<i\leq-1$ , $1\leq n_{1}\leq 4$
$(1, 0, 1_{m_{-l}}, 0,1_{m_{-l+1}}, \ldots, 0,1_{m_{-1}},0_{n_{1}},1,0,0,0,1,0,0,0,1,0,0,0,1, \ldots)$ ,
$m:\geq 2,1\leq i\leq l,$ $l\geq 0$ , $1\leq n_{1}\leq 4$
.
3.2.3 202
202 , $\mathrm{I}\mathrm{I}$ , configuration
. ,
, .
configuration $\mathrm{x}$ . configuration , 0
1 .
$\mathrm{x}=(1,0_{m_{1}},1,0_{m_{2}},1, \ldots, 1,0_{m}., 1, \ldots),$ $m_{*}$. $\geq 2$ , l<i<0
configuration , . 1 $\blacksquare$ .
1 , 1 T
.
. 1 1 0
, $\langle$ , ,
.




234 248 . 4 234 ’ [
$\mathrm{A}\mathrm{a}$ .
234 local rule $g_{234}$ , .
4 $g_{234}$ $g$ , $\mathrm{x}\in S^{\mathrm{Z}}$ dynamics $\{\mathrm{g}^{t}(\mathrm{x})\}_{t\geq 0}$ {
. $g_{202}$ , $g_{202}(101)=0$ $g_{234}(101)=1$
, .
4.1. 234 $\mathcal{F}$ dynamics
$g(0,0,1)=1,$ $g(0,1,1)=1,$ $g(1,1,1)=1,$ $g(1,1,0)=1,$ $g(1,0,0)=0,$ $g(0,0,0)=0$
,
$\mathrm{x}=(0,1_{n}, 0)=(\ldots, 0, 0,0, \frac{\vee 1,1,\ldots,1,1i\mathrm{j}\vee}{n\geq 2}, 0,0,0, \ldots)\in\tilde{B}$
$\forall t\geq 0$ ,




, $\tilde{B}$ $\mathrm{g}202$ $\mathrm{g}_{234}$ dyna $\mathrm{c}\mathrm{s}$ .
,
$g(0,0,1)=1,$ $g(0,1,0)=0,$ $g(1,0,1)=1,$ $g(1,0,0)=0$
,
$\forall \mathrm{x}\in\tilde{\mathcal{V}},$
$\forall t\geq 0$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}(\mathrm{x})$
. 202 ,
$\forall \mathrm{x}\in\tilde{\mathcal{U}},$
$\forall t\geq 0$ , $\mathrm{g}_{202}^{t}(\mathrm{x})=\sigma_{L}^{t}(\mathrm{x})$ ,
$\mathrm{g}_{202}(\tilde{\mathcal{V}}\backslash \tilde{\mathcal{U}})\subset\tilde{\mathcal{U}}$
, 234 , $\tilde{\mathcal{V}}$ $\mathrm{g}_{234}=\sigma_{L}$ .
Proposition 4.1.1 .
Proposition 411
$\mathrm{x}=(0,0,1, \ldots, 0,1,0, \ldots, 0, \ldots, 0, \ldots, 0,0,1, \ldots, 0, \check{1}, 0,0, \ldots, 0,1, \ldots, \check{1}, 0)\in\tilde{\mathcal{X}}_{1}\cup\tilde{\mathcal{X}}_{2}pq$ , $n\geq 0$
$i_{1}$ $\geq 1$




$\forall t\geq 0$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t}(\mathrm{x}_{-\infty,p}, 0)\oplus(0,1, \ldots, 10)\vee$’
$\mathrm{t}+t$
47
. $n\ovalbox{\tt\small REJECT} 0$ , $\mathrm{x}\ovalbox{\tt\small REJECT}$ $(0, \mathrm{I}_{\mathrm{I}}, 0)$ $\epsilon\ovalbox{\tt\small REJECT}$ , $\forall t\ovalbox{\tt\small REJECT} 0,$ $\ovalbox{\tt\small REJECT}(\mathrm{x})\ovalbox{\tt\small REJECT}(0,1\ovalbox{\tt\small REJECT} t, 0)$ $\in\ovalbox{\tt\small REJECT}$
.




$\forall t\geq 0$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t}(\mathrm{x})\in\tilde{\mathcal{V}}$,
$\forall \mathrm{x}\in\tilde{\mathcal{X}},$
$\exists T,$ $\forall t\geq T$ , $\mathrm{g}^{t}(\mathrm{x})\in\tilde{\mathcal{X}}_{1}\cup\tilde{\mathcal{X}}_{2}$
.
$\tilde{\mathcal{X}}_{1}\cup\tilde{\mathcal{X}}_{2}$ 234 . Proposition 4 . 202 $\mathcal{F}$
. g2 $(1, 0, 1)=1$ $g202(1,0,1)=0$
. .
Dynamics of Rule 234 on $\mathcal{F}$
$\mathcal{F}$
234 length of pattern Corollary .
CoroUary to Theorem 412
$\forall \mathrm{x}\in\tilde{\mathcal{V}},$
$\forall t\geq 0$ , $l(\mathrm{g}^{t}(\mathrm{x}))=l(\mathrm{x})$ ,
$\forall \mathrm{x}\in\overline{\mathcal{X}},$
$\exists T,$ $\forall t\geq T$ , $l(\mathrm{g}^{t}(\mathrm{x}))=l(\mathrm{g}^{T}(\mathrm{x}))+(t-T)$
42. 234 248 $S^{\mathrm{Z}}$ dynamics
234 $S^{\mathrm{Z}}$ dynamics simple , $\forall \mathrm{x}\in S^{\mathrm{Z}}\backslash \{0\}$
$\lim_{tarrow\infty}\mathrm{g}^{t}(\mathrm{x})=\{$
$(1, 0)$ , $\mathrm{x}$ 0-finite 2 1 ,
(1), $\mathrm{x}$ O-finite 2 1 ,
$\forall t\geq 0$ , $\mathrm{g}^{t}(\mathrm{x})=\sigma_{L}^{t}(\mathrm{x})$ , $\mathrm{x}$ 2 1
48
. (0) , 234 , (0), $(1, 0)$ , (1)
, $\mathrm{x}\in S^{\mathrm{Z}}$ 2 1 ,
. , 202 , $g_{234}(1,0,1)=1$ $g_{202}(1,0,1)=0$
.
, 0-finite 0-finite , 1 configuration
, .
$\mathrm{x}=$ $(\ldots, 0_{m_{-k}}, 1,0_{m_{-k+1}},1, \ldots, 1,0_{m_{k-1}},1,0_{m_{k}}, 1, \ldots)$ , $m_{j}\geq 1,$ $-\infty<i<\infty$ (4.2.1)
Proposition 32.2.1 Proposition .
Proposition 421 $\mathrm{x}\in s^{\mathrm{Z}}$ $p\geq 2$ , $\mathrm{x}$ (4.2.1)
;
$\exists i\in \mathrm{Z},$ $\exists k\geq 1$ , $m_{i+1}+1+\cdots+m_{i+k}+1=p$ ,
$\ldots=m_{i-2k}$ $=mj-k$ $=m_{i}$ $=m_{i+k}$ $=m_{j+2k}$ $=\cdots$ ,
$\ldots=m_{i-2k-1}=m_{i-k-1}=m_{j-1}$ $=m_{i+k-1}=m_{j+2k-1}=\cdots$ ,
. . . $=m_{j-2k-2}=m_{i-k-2}=m_{i-2}$ $=m:+k-2=m\dot{*}+2k-2=\cdots$ ,
. . . $=m_{i-3k+1}=m_{i-2k+1}=m_{i-k+1}=m_{i+1}$ $=m_{i+k+1}=\cdots$ ,
Corollary to Proposition 421(1)2 , (..., 1, 0, 1, 0, 1, 0, 1, .. ) .
(2) 3 (..., 1, 0, 0, 1, 0, 0, 1,0, 0, 1, .. ) .
234 , . 204 , 2
.
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